Inflammation often occurs in the microenvironment of tumors, and actively takes part to the tumor progression process by favoring tumor cell survival and growth, angiogenesis and metastasis[@b1]. Interleukin 17A (hereafter named IL-17A) is a pro-inflammatory cytokine that belongs to a family encompassing 6 interleukins (IL-17A to F)[@b2]. IL-17A binds to a receptor composed of IL-17RA and IL-17RC dimer whose expressions are ubiquitous. IL-17A is mainly produced by a subset of CD4+ lymphocytes called Th17 cells. However, other cell types were reported to produce IL-17A including macrophages, dendritic cells, γδ T cells, NK and NKT cells, CD8+ T cells and neutrophils[@b3][@b4]. In humans, increased IL-17A is associated with infections, chronic inflammatory diseases and autoimmunity[@b3]. IL-17A or IL-17A-producing cells are also increased in malignancies[@b5] including breast cancers[@b6][@b7][@b8][@b9][@b10]. In fact, the tumors cells and tumor-associated fibroblasts secrete factors and generate a pro-inflammatory cytokine milieu that leads to the recruitment of Th17 cells in the tumor microenvironment[@b8]. IL-17A producing cells thereby represent a subpopulation within the TILs from breast cancer[@b8] and infiltration with IL-17A-producing immune cells is a poor prognosis factor[@b10]. A recent study indicated that infiltration with IL-17A+ immune cells is mainly observed in estrogen receptor negative (ER(−)), progesterone receptor negative (PR(−)) and triple negative tumors and associated with high histological grade and reduced disease free survival (DFS)[@b10]. It is therefore important to elucidate the pathophysiological role of IL-17A in breast cancer. It was previously shown that IL-17A may favor breast tumor cell dissemination[@b6] and may be required for the growth of a murine breast tumor cell line *in vivo*[@b11]. Yet, the pro-oncogenic effect of IL-17A in breast cancer has not been thoroughly investigated and we thus decided to elucidate the functional role of IL-17A and IL-17A producing TILs in human breast cancers.

Results
=======

IL-17A producing cells infiltrate human breast cancer biopsies
--------------------------------------------------------------

We first assessed expression of IL-17A by IHC in 40 breast cancer cases, 10 metastases and 10 matched controls. Whereas no or few IL-17A+ cells were observed in the normal tissues, 8 out of 40 (20%) of the cancer cases showed moderate to strong infiltration with IL-17A+ immune cells, mostly lymphocytes and macrophages, in the tumoral stroma ([Figure 1](#f1){ref-type="fig"}, [Supplementary Figure 1 and Table 1](#s1){ref-type="supplementary-material"}). There was a trend of association between the presence of IL-17A+ lymphocytes and tumors with ER(−) status (88% of IL-17A+ tumors were ER(−)). Conversely, the majority (92%) of ER(+) tumors were not infiltrated with IL-17A producing cells. Yet, the number of cases was too small to reach statistical significance. Among the 8 tumors that were infiltrated with IL-17A+ cells, 7 were ER(−), including 4 triple negative breast cancers and 1 Her2+ tumor. These observations are in line with the recent study from Chen and colleagues[@b10] who reported that 18% of the 207 breast cancer cases analyzed were infiltrated with IL-17A producing cells. The presence of IL-17A was significantly associated with ER(−)/PR(−) tumors (*P* \< 0.01) and triple negative (*P* \< 0.05) tumors.

In order to further demonstrate that IL-17A is released by lymphocytes infiltrating ER(−) breast cancers, we isolated and expanded tumor-infiltrating lymphocytes (TILs) from 6 ER(−) breast cancer biopsies. Biopsies were obtained following surgical procedures of breast cancer patients. 4 patients had a triple negative tumor and 2 patients had a Her2+ tumor. Tumor biopsies were collected and preserved in culture medium for subsequent isolation and separation of the different cell populations. The T lymphocytes were then expanded *ex vivo* as described in materials and methods section. Results revealed a phenotypic heterogeneous T lymphocyte population isolated from these biopsies. As illustrated in [Figure 2](#f2){ref-type="fig"}, we could obtain significant IL-17A-secreting TILs in 4 out of the 6 TILs. Patient AL is a 29 year-old patient who presented with a triple negative, basal-like, pT2N0, SBR3 grade tumor. When isolated, the TILs from this patient were CD3+ lymphocytes, mostly (75%) CD4+, and secreted large amounts of IL-17A. Patient CP is a 40 year-old woman with a triple negative, basal-like, pT3N3a, SBR3 grade tumor. The tumor was infiltrated with a mixed population of CD3+ TILs that were CD4+, CD8+ or CD4+CD8+ and secreted IL-17A. Patient 432 is a 78 year-old woman with a relapsing triple negative, basal-like, pT4bNx, SBR3 grade breast cancer. The biopsy was infiltrated with TILs that secreted moderate amounts of IL-17A and were CD3+ (100%) and mostly CD8+ (90%) T cells. Patient 452 is a 52 year-old woman with and ER(−), PR(−) and Her2+, pT4bN1 and SBR3 grade breast cancer. The TIL population was mostly CD3+ (96%), CD4+ (70%) and secreted IL-17A. The expanded TILs of the 2 other patients, PR, a 66 year-old patient with a triple negative, apocrine, SBR3 grade, pT2N0 breast cancer and MAR, a 42 year-old woman with an ER(−), PR(−) and Her2+, SBR3 grade, pT3N1 tumor, did not secrete IL-17A *ex vivo*. It should be noted that in all cases, we could expand from the tumor biopsies between 1 to 3% of TCRγδ expressing lymphocytes. In aggregates, IHC and clinical data along with previous work published by others demonstrate that breast cancers are infiltrated with IL-17A producing immune cells. Such infiltration is particularly frequent in ER(−) tumors, and more specifically in triple negative/basal-like tumors.

IL-17A activates the ERK1/2 pathway in breast cancer cells
----------------------------------------------------------

To address the functional role of IL-17A, we stimulated various human breast cancer cell lines with recombinant human IL-17A. Of note, all the human breast cancer cell lines tested expressed *IL17RA* and *IL17RC* ([Supplementary Figure 2](#s1){ref-type="supplementary-material"}) the two monomers that form the functional receptor of IL-17A[@b2]. Therefore, all the breast cancer cell lines are able to respond to IL-17A stimulation. Putative signaling pathways activated by IL-17A were identified using anti-phospho tyrosine whole blot analysis. We identified several putative protein kinases recruited by IL-17A in the MCF7 and T47D breast cancer cell lines that could correspond to FAK, p70 S6 kinase, c-Raf and ERK1/2 according to their molecular weight (data not shown). However, when validated with specific antibodies, only ERK1/2 was consistently shown to be recruited by recombinant IL-17A in all the cell lines tested as illustrated in MCF7, T47D, MDA-MB468, MDA-MB157 and BT20 cells ([Figure 3](#f3){ref-type="fig"}).

IL-17A promotes resistance to docetaxel *via* activation of ERK1/2 pathway
--------------------------------------------------------------------------

We demonstrated here that IL-17A recruited the ERK1/2 pathway in breast cancer cells. As ERK kinases are involved in resistance to taxane-based therapies[@b12], we tested whether IL-17A would mediate resistance to conventional chemotherapeutic agents such as docetaxel. To this end, human breast cancer cell lines were stimulated with recombinant human IL-17A and subsequently incubated with the drug. As illustrated in [Figure 4](#f4){ref-type="fig"}, IL--17A decreased docetaxel-induced cell death in MCF7, T47D, BT20, MDA-MB468 and MDA-MB157 breast cancer cells in a dose-dependent manner. To delineate the role of ERK1/2 in IL-17A-mediated resistance to chemotherapeutic agents, we treated the cells with the MEK Inhibitor U0126. U0126 is a chemically synthesized organic compound that blocks the phosphorylation of ERK1/2 by inhibiting the kinase activity of MAP Kinase Kinase (MAPKK or MEK 1/2)[@b13]. U0126 inhibited IL-17A-induced phosphorylation of ERK1/2 ([Figure 5B](#f5){ref-type="fig"}) and abrogated IL-17A-mediated protection from docetaxel-induced cell death in MCF7 ([Figure 5A](#f5){ref-type="fig"}) whereas MEK inhibitor alone did not affect cytotoxicity (data not shown). U0126 also inhibited phosphorylation of ERK1/2 ([Figure 5D](#f5){ref-type="fig"}) and abrogated resistance to docetaxel in BT20 cells stimulated with IL-17A ([Figure 5C](#f5){ref-type="fig"}). Altogether these data demonstrate that IL--17A protects from docetaxel-induced cell death through activation of the ERK1/2 kinases and may therefore participate to therapy-resistance in breast cancer.

IL-17A increases the proliferation of some breast cancer cell lines
-------------------------------------------------------------------

IL-17A activated the ERK kinases in breast cancer cells and it was reported to stimulate the proliferation of human airway smooth muscle cells via this pathway[@b14]. We therefore investigated whether IL-17A could also enhance the proliferation of breast cancer cell lines. The proliferation of the T47D cells requires ERK recruitment (see [Supplementary Figure 6](#s1){ref-type="supplementary-material"} from ref[@b15]) and IL-17A indeed stimulated their proliferation in a dose-dependent manner ([Figure 6](#f6){ref-type="fig"}). In contrast, the MCF7 cell line, which was found to be less sensitive to ERK-recruitment for prolactin-inducing proliferation[@b15], failed to respond to IL-17A. IL-17A did not enhance the proliferation of BT20 and MDA-MB468 cells. In conclusion, IL-17A can increase the proliferation of some breast cancer cells potentially through the ERK1/2 pathway.

IL-17A promotes breast cancer cell migration and invasion
---------------------------------------------------------

In our attempt to unravel the oncogenic properties of IL-17A in breast cancer, we tested whether IL-17A would promote migration and invasion as reported by others. Previous work indeed demonstrated that IL-17A stimulates migration and invasion in several cancer types[@b16][@b17][@b18] including breast cancer[@b6], thereby favoring metastasis. As shown in [Figure 7A](#f7){ref-type="fig"}, IL-17A increased the migration of the poorly motile and non-invasive MCF7 cell line in a dose-dependent manner. Although IL-17A also increased the invasive ability of MCF7 cells in Boyden chambers assays (data not shown), the majority of IL-17A-treated-MCF7 cells remained non-invasive. Therefore, to evaluate the ability of IL-17A to foster cell invasion of the surrounding extracellular matrix, we used the MDA-MB231 cell line which endows intrinsic invasion capacities. As shown in [Figure 7B](#f7){ref-type="fig"}, IL-17A increased invasion of MDA-MB231 cells in Boyden chambers assays. Increased invasive ability of IL-17A-treated MDA-MB231 cells was then further demonstrated using 3D Clusters assays ([Figure 7C](#f7){ref-type="fig"}). As expected, MDA-MB231 cells invaded the matrigel locally around the mass of the tumor cells (top left). However, when stimulated with IL-17A, MDA-MB231 exhibited increased local invasiveness (bottom left) with much more aggressive features (bottom right, highly invasive extensions indicated by arrows). Furthermore, invasion was not restricted to the cellular mass as the tumor cells were disseminated all around the matrigel and became organized like a network (top right) which is typical of high aggressiveness. In conclusion, IL-17A increases pro-migratory and pro-invasive properties of breast cancer cells and confers an aggressive and highly invasive phenotype in 3D cultures.

IL-17A released by TILs promotes tumor cell chemoresistance, proliferation and migration
----------------------------------------------------------------------------------------

We then asked whether infiltrating T lymphocytes that secrete IL-17A would mediate similar effects on tumor cells as the ones obtained with recombinant IL-17A, and whether the effects of TILs could be neutralized by IL-17A blocking monoclonal antibodies. To address this question, we cultured breast cancer cell lines with TIL-conditioned medium. We collected culture supernatant from IL-17A-producing TILs isolated from patient AL (TIL(AL)) and tested whether it could promote resistance to docetaxel, proliferation and migration in an IL-17A-dependent manner. As TILs secrete many soluble factors, the specific contribution of IL-17A was determined using anti-IL-17A neutralizing antibodies or their matched isotype control. Recombinant IL-17A was very potent at protecting BT20 cells from docetaxel-induced cell death ([Figure 4](#f4){ref-type="fig"}) and TIL(AL)-conditioned medium also inhibited docetaxel-induced cytotoxicity ([Figure 8A](#f8){ref-type="fig"}). Specific neutralization of IL-17A using OREG-203 monoclonal antibody markedly decreased the protection mediated by TIL(AL). TIL(AL) also increased the proliferation of T47D cells (which responded well to recombinant IL-17A, [Figure 6](#f6){ref-type="fig"}). Again, this effect was diminished by neutralizing IL-17A with OREG-203 but not by the control antibody ([Figure 8B](#f8){ref-type="fig"}). TIL(AL) also stimulated the migration of MCF7 cells (as observed with the recombinant cytokine, [Figure 7A](#f7){ref-type="fig"}) which was abrogated by antibody-mediated neutralization of IL-17A ([Figure 8C](#f8){ref-type="fig"}). Similar results were obtained with OREG-210, a distinct IL-17A neutralizing monoclonal antibody (data not shown). In aggregates, we found that IL-17A is released by breast cancer TILs and mediates proliferation, chemoresistance (at least in part through the ERK kinases) and migration/invasion. Treatment with IL-17A-neutralizing antibodies abrogated the pro-oncogenic effects of IL--17A released by TILs.

Discussion
==========

We demonstrated here that IL-17A producing cells infiltrate breast cancer. Our results from human tissue microarrays and human biopsies confirmed previous observations[@b6][@b8][@b9][@b10] reporting upregulation of IL--17A or IL-17A producing cells in breast cancers. Some tumors were infiltrated with high number of IL--17A positive immune cells, whereas no or few IL-17A positive cells were observed in the stroma of healthy mammary tissues. We observed that most IL-17A+ immune cells were lymphocytes and macrophages, which is in accordance with previous reports[@b6]. *In silico* analyses of a published study from reference[@b19] using the ONCOMINE software sustain the conclusions that *IL17A* mRNA is increased in breast cancer stroma (*P* \< 10^−6^) compared to the stroma of normal breast. In this dataset, *IL17A* expression is higher in the tumors that recurred versus the non-recurrent diseases and higher in the poor prognosis group versus the good prognosis group.

*In vitro* experiments presented here, using cell lines and primary material from cancer patients, suggest that IL-17A may promote breast cancer cell proliferation, invasion as well as resistance to chemotherapy. Therefore, IL-17A is suspected to be a poor prognosis factor in breast cancer. Our breast cancer cohort (SUPER BIO CHIPS, slide CBA3) contains a small number of cancer cases with limited clinical information, which did not allow us to investigate the clinical relevance of IL-17A upregulation in breast cancer or perform statistical analyses. However, patients with IL-17A positive tumors tend to have a higher frequency of lymph node metastasis (75% of IL-17A+ tumors are N+ compared to 63% of IL-17A- tumors that are N+) which may reflect the fact that IL-17A produced by TILs stimulates breast cancer cell migration and invasion as reported by us ([Figures 7](#f7){ref-type="fig"} and [8C](#f8){ref-type="fig"}) and others[@b6]. We cannot conclude regarding its role in systemic metastases, resistance to therapy or its overall impact on survival.

To gain insight into the clinical relevance of IL-17A in breast cancer we would like to refer to the study published recently by Chen and colleagues[@b10]. To our knowledge, this is the only study assessing the expression of IL-17A by IHC in a large number of breast cancer patients (207 breast cancer cases) with extensive clinical parameters. In this cohort, infiltration of breast cancer by IL-17A producing cells significantly correlates with higher tumor grade (*P* \< 0.01), ER and PR negative status (*P* \< 0.01) and triple negative tumors (*P* \< 0.05). Patients with IL-17A positive tumors have shorter DFS compared to IL-17A negative tumors (5-year DFS of 64% compared to 87.3%, respectively, *P* \< 0.01). In univariate Cox analysis, elevated IL-17A is a significant prognostic factor influencing DFS (*P* \< 0.01). Multivariate Cox proportional hazard analysis also showed that elevated IL-17A was a significant prognostic factors for DFS after controlling for age, histology, tumor grade, and nodal status and expression status of ER and PR (*P* \< 0.05).

One of the main finding of our work is that IL-17A derived from breast cancer TILs may influence the response and outcome of chemotherapy treatment. Again, the above mentioned study seems to support our conclusion. Among their 207 breast cancer patients, 58 presented with locally advanced breast cancer and received neoadjuvante chemotherapy. Although IL-17A was not statistically associated with the response to chemotherapy, the presence or absence of IL-17A drastically influenced the DFS of patients receiving chemotherapy (*P* \< 0.01) as 5-year DFS dropped from 81.5% for IL-17A- patients to 38.5% for IL-17A+ patients. Because the impact of IL-17A on DFS is much stronger in the context of chemotherapy (81.5% compared to 38.5%) than in the entire cohort (87% to 64%), we believe that this points out a particular impact of IL-17A within this subgroup of patients with locally advanced tumors receiving chemotherapy. In aggregate, the clinical data form the 207 breast cancer patient cohort of Chen et al. strongly supports the notion that IL-17A is a poor prognostic factor in breast cancer and is associated with ER- or triple negative, high grade tumors with shortened DFS.

Our and other[@b10] studies raise the conclusion that IL-17A is involved in ER(−) tumors, including triple negative tumors. The mechanisms underlying the association between IL-17A and ER deficiency remained unknown. However, it is interesting to mention that several studies reported a direct relation between estrogen status and IL-17A[@b20][@b21] and estrogen/ER signaling deficiency was shown to promote the differentiation of Th17 cells[@b21]. Therefore, one could speculate that ER deficiency in breast tumors may directly promote the expansion of IL-17A+ TILs, a possibility that would require further investigation. We believe that this speculation is a plausible scenario as we demonstrated here that ER(+) and ER(−) cell lines respond to IL-17A in a similar manner. Therefore, the association of ER deficiency and IL-17A expression may not reflect a functional synergy but rather an inter-regulation or co-regulation by a common pathway.

We showed here that IL-17A exerts several oncogenic effects on cancer cells including resistance to chemotherapy-induced cell death, proliferation, migration and invasion. The modulation of drug sensitivity of cancer cells by IL-17A is an important oncogenic property of IL-17A with clinical significance, and it has never been reported. However, it was found that IL-17A promotes survival of synoviocytes in rheumatoid arthritis through activation of STAT3-Bcl-2 axis[@b22] and confers broad chemoresistance to dendritic cells through the regulation of the Bcl-2 family member BCL2A1[@b23]. Using knockout (KO) mice, Yu and colleagues demonstrated that IL-17A controls tumor progression by regulating the STAT3- Bcl-2/Bcl-XL pathway in several cancer models[@b24][@b25]. Here we report that IL-17A activates the ERK pathway, an important survival pathway for cancer cells, and we demonstrated that this pathway is a crucial mediator of IL-17A-induced resistance to docetaxel. Altogether these results suggest that IL-17A present in the tumor microenvironment may be an important survival factor and source of therapy resistance for breast cancer cells. We also evidenced that IL-17A promotes the proliferation of some breast cancer cell lines. Although this had not been reported previously for cancer cells, it had been demonstrated that IL-17A promotes the proliferation of smooth muscle airway cells[@b14] and human mesenchymal stem cells[@b26] through the activation of the MEK-ERK pathway. However, IL-17A did not systematically increase the proliferation of breast cancer cell lines, at least *in vitro*. This may reflect the fact that the cell lines used have been kept in Fetal Calf Serum (FCS) rich-medium for a long period and their proliferation is unlikely to rely on external factors. We are currently testing the effect of IL-17A on primary cells or freshly isolated tumor cells, models that may be more relevant to assess its impact on proliferation. To our knowledge, this is the first report that used primary material from cancer biopsies to assess in depth the role of IL-17A released by TILs from breast cancer patients. Importantly, these freshly isolated TILs exert similar pathophysiologic effects as described above mainly through IL-17A as specific neutralization of IL-17A largely abrogated their effects. These observations are critical to understand the role of IL-17A in breast carcinogenesis, as TILs secrete many soluble factors that could contribute to their pro-tumor effects.

Whereas IL-17A or IL-17A producing immune cells are unambiguously increased in numerous tumors including breast cancers, their pro- *versus* anti-tumor effects remains debated[@b27][@b28]. When signaling on the tumor cells or the tumor vasculature, IL-17A may favor tumor progression by promoting cell proliferation, survival, chemoresistance and dissemination as well as angiogenesis[@b29][@b30][@b31]. On the other hand Th17 were demonstrated to exert antitumor activity[@b32][@b33]. Interestingly, these two studies demonstrated that the antitumor response mediated by Th17 cells was independent of IL-17A and rather relied on IFN--γ secretion. Therefore, as previously suggested by Maniati and colleagues in their review[@b28], we believe that our work could indeed help to reconcile the pro and antitumor effects of IL-17A and Th17 cells as IL--17A may favor tumor progression whereas Th17 cells may exert antitumor effects mainly through IFN--γ production. In line with such speculation, the specific role of IL-17A, independently of the cells that produce it, can be addressed in *IL17A* KO mice. These mice consistently exhibit a tumor-resistant phenotype. They have reduced development of TPA/DMBA-induced skin tumors[@b24], decreased colon tumor initiation in the APC^+/−^ genetic background[@b34] and exhibited reduced growth of the B16 melanoma and MB49 bladder carcinoma cells[@b25]. *IL17A* KO mice also exhibited reduced growth, decreased metastasis and improved survival when challenged with lung cancer cell lines[@b17][@b35]. Along similar lines, blockade of IL-17A signaling in *IL17RC* KO mice revealed decreased tumor progression in a prostate cancer model[@b36]. Furthermore, anti-IL-17A antibody therapy decreased tumor growth and metastasis in colon cancer[@b31] and breast cancer[@b37][@b38] mouse models. Therefore, the role allotted to IL-17A itself seems to be tumor and metastasis-promoting. This suggests an interesting therapeutic opportunity where IL-17A neutralization could block pro-tumor and pro-metastatic effects of IL-17A while allowing Th17-mediated tumor eradication through IFN--γ production.

Methods
=======

Cell culture and reagents
-------------------------

MCF7, T47D, BT20, MDA-MB468, MDA-MB157 and MDA-MB231 cell lines were obtained from the American Type Culture Collection. MCF7, T47D, BT20 and MDA-MB231 were cultured in RPMI medium (Invitrogen) supplemented with 10% Fetal Calf Serum (FCS), 2% glutamine and 1% antibiotics (Life technologies). MDA-MB468 cell line was cultured in DMEM/F12 medium (Life Technologies) supplemented as described above. MDA-MB157 cell line was cultured in L15/DMEM medium (Life Technologies) supplemented as described above. All cells were kept at 37°C in 5% CO~2~ atmosphere incubator. Recombinant human IL-17A was purchased at Peprotech (Rocky Hill, NJ).

IL-17A immunohistochemistry
---------------------------

IL-17A staining on tissues arrays (SUPER BIO CHIPS, slide CBA3) was performed by a pathologist using a standard peroxidase method according to a protocol adapted from Coury *et al*[@b39]. and validated on renal allograft paraffin sections from patient with chronic active rejection. Goat polyclonal anti-human IL-17A antibody (dilution 1:40, R&D Systems, Minneapolis, MN) was employed as the primary antibody followed by anti-goat antibody (LSAB kit, DAKO). IL-17A expression was scored −, +, ++ and +++ for the absolute number of IL-17A positive immune cells within the stroma (see [Supplementary Figure 1](#s1){ref-type="supplementary-material"}).

Clinical breast cancer biopsies
-------------------------------

Human biopsy samples were obtained from the cancer center Institut Jean Godinot. This study was made according the approval of an ethic committee and all patients were informed and agreed the study.

Tumor-infiltrating lymphocyte (TIL) cultures
--------------------------------------------

TILs from 6 ER(−) breast cancer biopsies were isolated and expanded according to the protocol adapted from Bagot M *et al*[@b40]. Briefly, TILs from patients were obtained from surgical tumor fragments mechanically dispersed into single-cell suspensions and cultured in 12-well plates with culture medium consisting of RPMI 1640, 2 mmol/L L-glutamine, penicillin (100 U/mL), streptomycin (100 μg/mL), 10% heat-inactivated human serum and 100 U/mL interleukin-2. Cultures were then fed every 3 days with IL-2--containing culture medium and the growing wells were expanded for 2 weeks. TILs were then washed and cultured in IL-2--containing medium with irradiated PBL (feeders) stimulated with PHA at 1 μg/ml. After 3 days the expanded TILs were extensively washed and fed with IL-2--containing medium for 6 days. Cells were harvested for IL-17A secretion and stained with anti-CD3, anti-CD4, anti-CD8, and anti-TCRγδ antibodies for flow cytometry analysis. Production of IL-17A by TILs was measured by ELISA in cell culture supernatants of 16 h cultures in PHA/IL-2 activation medium.

Quantification of IL-17A in cell culture supernatants
-----------------------------------------------------

IL-17A from cell culture supernatants was quantified using commercial ELISA kit (R&D Systems) following instructions of the manufacturer.

Isolation of mRNA and quantitive RT-PCR
---------------------------------------

Total RNA was isolated using the GenElute™ Mammalian Total RNA kit (Sigma--Aldrich, St. Louis, MO) following the manufacturer\'s instructions. Total RNA (1 μg) was treated with 1 U/μg RNA of DNase I Amplification Grade (Invitrogen) according to the manufacturer\'s instructions, and in the presence of 10 U/μg RNA of RNaseOUT (Invitrogen). After DNase inactivation, RNA was reverse transcribed using random nonamers (Promega, Madison, WI) and M-MLV Reverse Transcriptase H Minus (Promega) according to the manufacturer\'s instruction.

The forward and reverse primers used in the PCR reaction were designed with Primer-BLAST software except for IL-17A (described in ref[@b41]) and GAPDH (described in ref[@b42]) and were as follow: GAPDH-forward 5′-GAAGGTGAAGGTCGGAGTCA-3′, GAPDH-reverse 5′-GACAAGCTTCCCGTTCTCAG-3′, IL-17A-forward 5′- ACTACAACCGATCCACCTCAC-3′, IL-17A-reverse 5′- ACTTTGCCTCCCAGATCACAG-3′, IL-17 RA-forward 5′-TGCCCCTGTGGGTGTACTGGT-3′, IL-17 RA-reverse 5′-GCAGGCAGGCCATCGGTGTA-3′, IL-17 RC-forward 5′-GGCTTGGTTTCACGCGCAGC-3′ and IL-17 RC-reverse 5′-CGGCCCTGCAAGAAGTCGGG-3′.

Real-time polymerase chain reaction quantification was carried out with the LightCycler 480 II System (Roche Diagnostics, Basel, Switzerland) using the SYBR Premix Ex Taq (Tli RNaseH Plus) kit (Ozyme, Saint-Quentin-en-Yvelines, France). The cycling conditions were as follows: 95°C for 1 min followed by 40 cycles of 95°C for 20 s, 60°C for 20 s and 72°C for 30 s. The sizes of the RT-PCR products were confirmed by agarose electrophoresis. At the end of the amplification, a melting temperature analysis of the amplified gene products was performed routinely for all cases. The PCR products were melted by gradually increasing the temperature from 60 to 95°C in 0.3°C steps, and the dissociation curves were generated with the Melting Curve analysis tool of the LightCycler 480 software (Roche Diagnostics). We confirmed that only one product was consistently amplified in all PCR reactions. The negative water control showed no amplification.

ERK1/2 immunoblotting
---------------------

Cells were seeded at 3.10^6^ cells per well in 6-well plates and cultured overnight in FCS-free medium. Cells were stimulated with IL-17A at 10 ng/ml and/or U0126 at 10 μM for 20, 30 min or 3 h as indicated. The medium was then removed, the cells were lysed in 1% Triton X100 lysis buffer, incubated for 1 h on ice and centrifuged at 4°C for 20 min at 10,000 g. The supernatants were collected and protein concentration was determined using the Bradford Assay (Bio-Rad, Hercules, CA). Proteins (70 μg) were resolved in 8% SDS--PAGE and transferred on nitrocellulose membrane. The membrane was blocked for 1 h at room temperature, by using 5% nonfat milk in tris-buffered saline (TBS) containing 0.1% Tween 20 (Sigma--Aldrich) and incubated overnight at 4°C with a monoclonal rabbit anti-phospho-p44/42 MAPK (Erk1/2) antibody (1:1,000), a monoclonal rabbit anti-p44/42 MAPK (Erk1/2) antibody (1/1,000) or with a monoclonal mouse anti-actin antibody (1:1,000) (Cell Signalling, Danvers, MA) used as a loading control, in blocking solution. After 3 washes, the membrane was incubated 1 h at room temperature with goat anti-rabbit or goat anti-mouse secondary antibodies (1:10,000) (Jackson Immunoresearch, West Grove, PA) conjugated to horseradish peroxydase.

Cytotoxicity assay
------------------

MCF7, T47D (1000 cells/well), BT20, MDA-MB468 and MDA-MB157 (3,000 cells/well) cells were seeded in a 96 wells plate in adequate complete medium alone or treated with recombinant human IL-17A (1 or 10 ng/ml) or TIL(AL)-conditioned medium (1/10 vol/vol) and/or antibodies (10 μg/ml) as indicated. After 48 h of culture, medium was changed to a FCS-free one supplemented with corresponding concentration of cytokines or TIL(AL)-conditioned medium and/or antibodies and further supplemented with U0126 inhibitor (10 μM) when indicated. After 24 h, culture medium is then further supplemented with docetaxel at 5, 10, 20 or 40 μg/ml as indicated. Untreated cells (control medium) and Triton X100 treated cells (100% cell death) were used as controls. Each condition was performed in duplicates. The cytotoxicity was determined using the Cytotoxicity Detection Kit (Roche) according to the manufacturer\'s instructions. To this aim, 50 μl of supernatant from each well were collected into a 96 wells plate and incubated with 50 μl of freshly prepared Reaction Mixture for 30 minutes at room temperature. Optical density was then read at 490 nm. The percentage of cytotoxicity is calculated as followed: % = 100 × (exp value - control medium value)/(Triton X100 treated cells value - control medium value).

Cell proliferation assay (\[3H\]-TdR)
-------------------------------------

MCF7, T47D, MDA-MB468 (500 cells/well) and BT20 (1,000 cells/well) were plated on 96-well plates and maintained for 24 h in complete medium. Medium is then removed and replaced with complete medium supplemented with recombinant human IL-17A (0, 1, 10 or 100 ng/ml) or TIL(AL)-conditioned medium (1/10 vol/vol) and/or antibodies (10 μg/ml) as indicated. After 72 h of culture, cells were pulsed with 1 μCi of tritiated thymidine (\[3H\]-TdR) per well. \[3H\]-TdR uptake was measured using PerkinElmer PerkinElmer MicroBeta2 plate counter (PerkinElmer, Waltham, MA, USA). Each experiment was performed in hexaplicates.

Transwell migration assay
-------------------------

2.10^4^ cells were seeded on the upper compartment of transwell chambers (24-well insert; pore size, 8 μm; BD Biosciences) in 1% FCS medium alone (medium) supplemented with recombinant human IL-17A (1, 10 or 100 ng/ml) or TIL(AL)-conditioned medium (1/10 vol/vol) and/or antibodies (10μg/ml) for 22 hours at 37°C as indicated. Medium supplemented with 10% FCS is added to the lower compartment of the chambers. The cells on the transwell were stained with 0.5% crystal violet prior imaging and enumeration. Total number of migrating cells was calculated by analyzing 5 fields per well in at least two independent experiments performed in duplicates, that is 10 fields per condition.

Matrigel invasion assay
-----------------------

MDA-MB231 cells were cultured in complete medium supplemented with 100 ng/ml of recombinant IL-17A for 2 days. Matrigel Invasion Chambers (BD BioCoat™ BD Matrigel™ Invasion Chamber, 24-well Cell culture inserts) were then used to study the invasiveness of cancer cells. 2.10^4^ cells are then added to the upper compartment of the chambers in 1% FCS medium alone or supplemented with 100 ng/ml of recombinant cytokines as indicated. Medium supplemented with 10% FCS is added to the lower compartment of the chambers. Plates are incubated for 22 hours at 37°C. Transwell filters are then fixed and stained in Giemsa solution following which non-invading cells are removed from the upper surface of the transwell membrane using a cotton swab. Images of cells from three representative fields are captured digitally and the number of cells present on the transwell is counted. Data are mean of three independent experiments performed in triplicates.

3D Cluster assays
-----------------

MDA-MB231 cells were cultured in complete medium supplemented with 100 ng/ml of recombinant IL-17A for 2 days. 275 μl of cold Basement Membrane Matrix (LDEV-Free, 354234, BD Biosciences) was added per refrigerated CultureSlides (8-wells, 354118, BD Biosciences). Inserts were then incubated for 20 min at 37°C to obtain a solid plug of Matrigel. 10^6^ pretreated cells were centrifuged and 1 μl of the cell pellet was loaded directly into the plug of Matrigel. 10 μl of Matrigel was added on top of the plug and inserts were incubated at 37°C for 5 min. 250 μl of culture medium supplemented or not with the cytokines was added on top and inserts were kept at 37°C, 5% CO2 humidified incubator and invasive behavior was analyzed at 24 h.

Statistical analyses
--------------------

All values are expressed as mean +/− SEM unless otherwise specified. Quantitative data were compared using student\'s *t* test. The dose-dependent effects on cell proliferation ([Figure 6](#f6){ref-type="fig"}) and migration ([Figure 7A](#f7){ref-type="fig"}) were analyzed using the Kruskal-Wallis test. *P* \< 0.05 was considered significant.
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![Representative Immunohistochemical staining of IL-17A expression in normal and breast cancer human tissues.\
IL-17A stained sections of 40 invasive ductal breast carcinomas, 10 metastases and 10 matched normal counterparts. Brown staining indicates IL-17A protein. Arrows indicate IL-17A positive cells within the stroma, \# refers to the corresponding sample in [Supplementary Table 1](#s1){ref-type="supplementary-material"}.](srep03456-f1){#f1}

![Characterization of lymphocyte subpopulations isolated from ER(−) breast cancer biopsies.\
(A) Tumor infiltrating lymphocytes (TILs) were isolated from biopsies then short-term amplified *ex vivo*. Expression of CD3, CD4, CD8 and TCRγδ receptors were analyzed by flow cytometry. (B) Production of IL-17A by TILs was measured by ELISA in cell culture supernatants of 16 h cultures. Quantification was performed in duplicates.](srep03456-f2){#f2}

![IL-17A activates ERK1/2 pathway in breast cancer cells.\
Western blot analysis of phospho (pThr202/pTyr204) ERK1/2 and total ERK1/2 in several breast cancer cell lines untreated (medium) or treated with 10 ng/ml of recombinant IL-17A for 20 min (IL-17A). Data are representative of two independent experiments for each cell line.](srep03456-f3){#f3}

![IL-17A promotes resistance to docetaxel.\
MCF7, T47D, BT20, MDA-MB468 and MDA-MB157 cells were cultured for 48 h in complete medium alone (medium) or treated with recombinant human IL--17A at 1 or 10 ng/ml as indicated. Cells were then culture in FCS free medium supplemented with corresponding concentration of cytokine for 24 h and then further supplemented with docetaxel at 5, 10, 20 or 40 μg/ml as indicated for 7 h. The cytotoxicity was determined using the Cytotoxicity Detection Kit (Roche). For each cell line, data are representative of 3 independent experiments performed in duplicates (\* *P* \< 0.05; \*\* *P* \< 0.01; \*\*\* *P* \< 0.001).](srep03456-f4){#f4}

![IL-17A-induced resistance to docetaxel is dependent of ERK1/2 activation.\
(A and C) MCF7 and BT20 cells were stimulated as described in [Figure 4](#f4){ref-type="fig"}. When indicated, the MEK inhibitor U0126 was added at 10 μM 24 h before docetaxel. The cytotoxicity was determined using the Cytotoxicity Detection Kit (Roche). For each cell line, data are representative of 3 independent experiments performed in duplicates (\* *P* \< 0.05; \*\* *P* \< 0.01). (B and D) Western blot analysis of phospho (pThr202/pTyr204) ERK1/2 and total ERK1/2 in MCF7 and BT20 cell lines untreated (medium) or treated with 10 μM U0126 inhibitor alone (U0126), 10 ng/ml of recombinant IL-17A (IL-17A) or 10 ng/ml of recombinant IL-17A + 10 μM U0126 inhibitor (IL-17A + U0126) for 30 min and 3 h.](srep03456-f5){#f5}

![IL-17A increases proliferation of T47D cells.\
MCF7, T47D, BT20 and MDA-MB468 breast cancer cell lines were cultured in complete medium supplemented with 0, 1, 10 or 100 ng/ml of recombinant human IL-17A as indicated. Cell proliferation was assessed at 72 h using tritiated thymidine (\[3H\]-TdR) incorporation protocol. Data are the mean ± SEM of two independent experiments, each performed in hexaplicates (\* *P* \< 0.05).](srep03456-f6){#f6}

![IL-17A promotes breast cancer cell migration and invasion.\
(A) MCF7 cells were cultured in complete medium alone (medium) or supplemented with 1, 10 or 100 ng/ml of recombinant human IL-17A (IL-17A) as indicated. Cell migration was evaluated in transwell migration assay (upper panel, representative photomicrographs; lower panel, quantification: mean ± SEM of two independent experiments). (B and C) MDA-MB231 were cultured for 2 days in complete medium alone (medium) or supplemented with 100 ng/ml of recombinant human IL-17A as indicated. Cell invasiveness was then evaluated using Matrigel Invasion Chambers (B, upper panel, representative photomicrographs; lower panel, quantification: mean ± SEM of three independent experiments) and using 3D Clusters assays (C, upper left: invasive boarder of untreated cells; lower left and right: invasive boarder of IL-17A-treated cells; upper right: invasion of the surrounding ECM by IL-17A treated cells). (\* *P* \< 0.05; \*\* *P* \< 0.01; \*\*\* *P* \< 0.001).](srep03456-f7){#f7}

![Physiological IL-17A from TIL supernatants promotes tumor cell chemoresistance, proliferation and migration.\
(A) BT20 breast cancer cells were cultured in complete medium alone (medium) or supplemented with TIL(AL)-conditioned medium (1/10 vol/vol) and control antibody (control Ab) or IL-17A-neutralizing antibody (OREG-203) at 10 μg/ml as indicated for 48 h. Cells were then switched in FCS-free medium supplemented with TIL(AL)-conditioned medium (1/10 vol/vol) and antibodies as indicated for 24 h and then further treated with docetaxel at 20 or 40 μg/ml for 7 h. The cytotoxicity was determined using the Cytotoxicity Detection Kit (Roche). Data shown are representative of 3 independent experiments. (B) T47D cells were cultured in complete medium supplemented with TIL(AL)-conditioned medium (1/10 vol/vol) and control antibody (control Ab) or IL-17A-neutralizing antibody (OREG-203) at 10 μg/ml as indicated. Cell proliferation was assessed at 72 h using tritiated thymidine (\[3H\]-TdR) incorporation protocol. Data are representative of 3 independent experiments performed in triplicates. (C) MCF7 cells were cultured in complete medium alone (medium) or supplemented with TIL(AL)-conditioned medium (1/10 vol/vol) and control antibody (control Ab) or IL-17A-neutralizing antibody (OREG-203) at 10 μg/ml as indicated. Cell migration was evaluated in transwell migration assay. Data are the mean ± SEM of two independent experiments, each performed in triplicates. (\* *P* \< 0.05; \*\* *P* \< 0.01; \*\*\* *P* \< 0.001).](srep03456-f8){#f8}
